A field experiment was conducted at Krishi Vigyan Kendra, Aurangabad and in farmers' field during rainy seasons of 2013, 2014 and 2015, to Performance of drought tolerant rice varieties under various methods of stand establishment in rainfed drought-prone condition of Bihar. Experiment was laid out in a split-plot design with 3 methods of establishment i.e. broad coasting, direct seeded rice (DSR), and transplanted rice (TPR), and two varieties viz. Sahbhagiedhan, SushkeSamrat in a total of 5 replications including four at KVK, Aurangabad and one at farmers' field during three years. Direct seeding of rice (DSR) with ZTD machine produced significantly higher plant height, number of tillers/m 2 , panicles/m 2 , grains/panicle, filled grains/panicle. However panicle length and Panicle weight were recorded maximum with to transplanting method over Direct seeded rice with ZTD machine and broad coasting. 1000grain weight was recorded significantly maximum with Direct seeded rice with ZTD machine and transplantinh over broad coasting. Direct seed produced 7.60% and 30.95% more yield in 2014, 7.88% and 32.10% more yield in 2014 and 12.00% and 30.23% more yield in 2016 over transplanted and broad coasting rice, respectively. Net return and benefit-cost ratio were also significantly higher in direct seeded rice with ZTD machine than transplanted rice and broad coasting of rice. Amongst the varieties of rice, Sushk Samrat produced Singh et al.; CJAST, 37(6): 1-6, 2019; Article no.CJAST.52154 2 significantly higher yield attributes viz., tillers/m 2 , panicles/m 2 , grains/panicle, filled grains/panicle and 1000-grain weight, and subsequently produced grain yield higher by 13.42 in 2014, 10.10% in 2015 and by 7.03% in 2016 over Sahbhagie dhan. Net return and benefit-cost ratio were also recorded significantly higher with Sushk Samrat than Sahbhagiedhan.
INTRODUCTION
Rice (Oryza sativa L.) is the most important stable food crop in India that holds key to food security. In recent years, emphasis is shifting towards rainfed ecology which offers a great potential in enhancing rice productivity and production [1] . Considerable progress in developing rice varieties with increased tolerance to submergence and drought. These stress tolerant varieties reduce farmers' risk and stabilize rice productivity ultimately increasing crop intensification and diversification too [2] .
In order to tap the potential of these varieties under drought stress environment, best management practices including time of seeding/ transplanting and method of crop establishment need to be introduced. Abiotic stresses such as low water availability, high salinity, high or low temperatures, hypoxia/anoxia, and nutrient deficiency are among the major causes of crop failure. Plants are able to perceive environmental stimuli and adapt to different environments; however, the degree of tolerance and adaptability to abiotic stresses varies among species and varieties. Crops exposed to abiotic stresses respond by activating defense mechanisms [3, 4] . Proper establishment of the crop plays a vital role in its survival if faced with a stress situation such as submergence and drought. Direct seeded rice (DSR) has given promising results through wide number of experiments and large scale demonstrations/ adaptive trials under low land ecologies and in flood prone areas productivity [5] . Cropping systems are ecosystems with strong anthropogenic forcing. There are two main distinctions between a cropping system and a natural ecosystem. First, the variable of interest is clearly focussed on yield in a cropping system, while in a natural ecosystem, particularly in a stress environment, survival and reproductive success could actually contradict maximum biomass productivity [6] . The results would reflect whether the direct dry seeding method holds promise in the target region. Hence, a field experiment was conducted to "Performance of drought tolerant rice varieties under various methods of stand establishment in rainfed drought-prone condition of Bihar."
MATERIALS AND METHODS
The field experiments were carried out at the KVK, Aurangabad and farmers' field (Latitude: 24.50°N, Longitude: 84.70°E, Mean sea level height: 332ft) during wet season 2013, 2014, 2015 in rainfed lowland having clay loam soil type. Performance of two rice varieties; Sahbhagi Dhan and Sushk Samrat were evaluated under different method of establishment with BMP cultivation practices. The experiment was laid out in a split plot design (SPD) with four replications at KVK and one at farmers' field. The experimental plots meant for broadcasting method, zero-till drill (ZTD) sown method and transplanting method in main plot and variety in sub plot. The experimental plots meant for broadcasting method were dry ploughed (twice), harrowed and broadcast the seed @ 60 kg/ha and then again followed by one harrowing fb planking. In zero-till drill (ZTD) sown plots, two ploughing followed by harrowing and planking of fields were given before sowing with ZTD machine. After that treated seed was sown with ZT-drill followed by planking on 25 th June, 2013 20 th June in 2014 and 22 nd June in 2015. Sowing was done in sufficient moisture condition for satisfactory germination. Nursery was also sown on slightly raised seed bed on same day to get seedlings for transplanting. Twenty one days old seedling uprooted from wet bed nurseries were transplanted after proper field preparation (as was done in DSR) and puddling of the experimental plots by using two seedling per hill at a row to row spacing of 20 cm and 15 cm between hills. After seven days of transplanting, missing hills were filled up to attain uniform plant population and growth. In each plot, uniform plant stand was maintained and standard agronomic practices were followed for raising and maintenance of crop. Experimental field was fertilized at the rate of 80:40:20:25 kg NPK and Zn/ha. Nitrogen was applied in three splits (1/3 rd each at basal stage, 30 and 60 days after transplanting), while the entire P 2 O 5 , K 2 O and ZnSO 4 were applied as basal application. Application of pendimethaline @ 1000 g a.i./ha as pre emergence within 2 days after sowing fallowed by bispyribag sodium @ 25 g a.i./ha at 20-25 DAS in broad coasting and direct seeded rice. However, in transplanting application of pretilachlor @750g a.i./ha applied just after transplanting as pre emergence fallowed by bispyribag sodium @25 g a.i./ha at 20-25 DAT . At maturity, randomly five hills were selected for measurement of effective tiller/m 2 , panicle length. Grain and straw yields were obtained from a sampling area obtained by discarding the outside rows of each plot. Threshed grain was dried and yields reported at 12% moisture content.
Effect of Planting Methods
Maximum plant height (124.8, 126.1, and 126.3 cm) was recorded in DSR plots sown with ZT-Drill, which was significantly higher over broadcasting and transplanting method in 2013. However, plant height was being at par with broad coasting in 2014 and 2015. Number of panicle/m 2 (283,281 and 284) was also recorded maximum in DSR plots sown with ZTD and it was at par with broadcasting but significantly higher than transplanting method. Number of filled grains/panicle (198, 185, 192) was recorded maximum in DSR, which was significantly higher over broadcasting and transplanting method. Panicle length (27.8 and 26.71 cm) and panicle weight (4.75 and 4.82 g) were significantly higher in transplanting method over DSR-ZTD and broadcoasting methods in 2013 and 2014. However in 2015 panicle length (26.55 cm) was recorded significantly maximum with DSR method being at par with transplanting both were significantly more over broad casting (Table 1) . Significantly higher panicle weight (5.35 g) was recorded over broad casting and transplanting in 2015. In first year 2013 there was no significant differences in test weight but in second and third year significantly maximum test weight was recorded with transplanting (23.16 g) and DSR method (23.98 g), respectively ( Table 2 ). This may be due to absence of transplanting shock in DSR methods, unlike that was experienced by the plants in transplanted rice (Tables 1 & 2) . Gill et al. [7] , and Kaur and Singh [8] also reported that direct seeded rice produced significantly higher plant height, more tillers, panicles/m 2 and biomass than that with the transplanted rice, owing to more plants per unit area in DSR as compared to transplanted rice. Days taken to 50% flowering (83, 84 and 82 days) and maturity (123, 125 and 122 days) were recorded maximum and significantly higher in conventional transplanting method over DSR-ZTD and broadcasting ( Table 2) .
Biological yield in DSR-ZTD (11.97, 11.27 and 10.85 t/ha) was significantly higher than broadcasting and transplanting methods. The grain yield was higher by 30.95% and 7.60% in 2013, 32.10% and 7.88 in 2014 and by 30.23% & 12.00% in 2015 in direct seeded rice over broad coasting and transplanted rice, respectively. With direct seeded rice Straw yield (7.02, 6.37 t/ha) in DSR-ZTD was significantly higher with DSR-ZTD method being at par with transplanting in 2013 and 2015 over broad casting. However, in 2014 significantly maximum straw yield was recorded with DSR-ZTD method over both treatments ( Table 3 ).
The benefit accrued was more in direct seeded rice than that in unpuddled and puddled transplanting ( Table 4 ). The maximum benefitcost ratio in direct seeding was due to lesser labor intensity and higher grain yield than both transplanted methods. The B-C ratio of transplanted rice was lower due to higher labor cost and lower yield than direct seeding of rice. Net return and gross return were also significantly more in direct seeded rice over broad coasting and transplanted rice. The higher returns by 23.90% & 54.46% in 2014, 23.68% and 55.86 in 2014 and by 32.55 & 50.43% in 2015, respectively were recorded in direct seeding of rice than transplanting and broad coasting rice (Table 4 ). (Table 1 and Table  2 ). This was ascribed to the reason that Sahbhagi dhan lodged due to rain and wind, whereas Sushk Samrat escaped lodging at the time of maturity.
Effect of Varieties
Days taken to 50% flowering and maturity were significantly more in Sushk Samrat over Sahbhagi ( 2015) also observed genotypic variation in rice for grain yield. Among the rice varieties Sushk Samrat earned the highest net income and benefit-cost ratio. The net income was 23.31% more in 2013, 18.37% and 14.06% higher in 2015 with Sushk Samrat over Sahbhagi dhan .Benefit-cost ratio was also significantly more in Sushk Samrat over Sahbhagi. Higher benefit-cost ratio by 13.34% in 2013, 9.21% in 2014 and by 6.84% in 2015 was recorded with Sushk Samrat over Sahbhagi dhan and Abhishek, respectively ( Table 3 ). The sale rate of produce for all cultivars were the same, thus the difference in net income was largely due to variation in yield level.
CONCLUSION
The result of our study revealed that laborintensive and costly method of transplanting could be substituted by direct seeding with no sacrifice in productivity with best management practices. Rice can be direct seeded with zero-till drill/ direct seeding machine and conventional drill fitted with inclined plate metering device as seed metering mechanism. Sushk Samrat under rainfed situation produced higher grain yield and straw yield. Sahbhagi dhan is also other suitable options for rice cultivation in rainfed ecology.
